12 Bridges, C. B., Trans. Dynam. Development, 10, 463-473 (1935) . 13 Tan, C. C., Proc. Nat. Acad. Sci., 21, 200-202 (1935) . 14 These observations prove that in Drosophila as in Chironomus10 the chromonemata fill the whole chromosome and are not only peripherally arranged. The second argument of Heitz"1 in favor of the latter view is based on so-called lateral attachments. Configurations like those described by Heitz are present also in D. funebris, D. hydei and D. pseudoobscura. They represent short duplications (repeats). The rings figured by Heitz are only seldom to be seen and represent edges of the bent discs, as in the chromosome ends.
15 Kossikov, K. V., and Muller, H. J., Jour. Hered., 26, 305-317 (1935) . 1i The presence of the terminal attraction accounts partly for the erroneous interpretation of a continuous spireme in early mitosis and meiosis. In the later stages of meiosis it manifests itself after the terminalization of the chiasmata in holding the dyads together. In such a backeross all gametes of the double recessive parent are rlr2 in constitution. Those of the F, doubly heterozygous individuals are of four sorts, the non-crossover classes being rjR2 and Rlr2, respectively, and the crossover classes R1R2 and r1r2, respectively. Only short-haired (rex) young will result from union of a double recessive gamete (rlr2) with either sort of non-crossover gamete, or with the rjr2 class of crossover gametes.
FURTHER
But normal individuals (not short-haired) will result from the union of a crossover gamete, R1R2, with a double recessive ganiete, since neither rex gene will then be homozygous. Accordingly, the number of normal individuals obtained in a back-cross population will be equal to half the total number of crossovers, provided the two classes of crossover gametes are produced in like frequency, as they theoretically should be prodctced.
A back-cross population of 384 individuals has now been produced by mating doubly heterozygous F1 females with double recessive males. Of the 384 individuals, 33 were normal, the remainder being short-haired. If 33 equals half the number of crossovers, the total number will be 66, which is 17.2 per cent of the entire population of 384 individuals. This, it will be noted, is the indicated crossover percentage in female F1 individuals. In males it would probably be somewhat smaller. Castle, in a pievious paper,2 has reported on the crossover percentages observed in a three point cross involving the mutant genes cH (Himalayan albinism), y (yellow fat) and b (brown coat pigment). These genes occur in a common chromosome in the order named. Crossover percentages reported previously were based on a backeross population of 477 individuals, and the observed cross-over percentages were: Between C and Y, 14 22, 1936 The order of the genes being CYB, it will be convenient to designate the region CY as region 1 and the region YB as region 2. Accordingly, the total number of known crossovers occurring in region 1 will equal the sum of the two "single" classes indicated in table 1 as occurring in region 1, plus the number of double crossovers (which involve crossing over simultaneously in region 1 and in region 2). Similarly, the total number of crossovers in region 2 will equal the sum of the two classes of single crossovers in region 2, plus the double crossovers. By calculations of this sort. we reach the conclusions indicated in table 2. It is probable but not certain that crossing-over occurs more frequently in F1 females than in F1 males. Table 2 indicates that this is true both for region 1 and for region 2, but the difference is of statistical significance only for region 1 (difference in per cent equals 6.1 1.9). It is known that such a difference between the sexes as regards frequency of crossing-over occurs in mice and rats, and the result of this experiment would seem to indicate that the same is true for rabbits.
The occurrence of interference, that is, of fewer double crossovers than expected on the basis of statistical probability, is indicated in the larger population produced by F1 females, and in the combined population produced by both sexes, though not by the smaller population produced by F, males.
On the basis of table 2 it would appear that the map distance for region 1 is only about half as great as that for region 2. The apparent crossingover between the genes C and B, if the variation in fat color is disregarded, is for F1 females 38.3 per cent, and for F1 males 25.7 per cent, again an indication that crossing-over occurs more frequently in females than in males.
But if we add to the number of crossovers known to have occurred in region 1 the number known to have occurred in region 2, the totals in per cent are for females 42.8 and for males 34.8, which are considerably higher than the percentages obtained when fat color is ignored. Such a difference, as is well known, is a consequence of double crossing-over; that is, of the occurrence of crossing-over simultaneously in region 1 and in region 2, which makes genes C and B retain their original relation to each other, a segment of chromosome containing the Y gene being removed from between them in double crossing-over and replaced by a similar segment from the synaptic mate.
Summary. 1. From a study of a backcross population of 384 individuals the crossover percentage in F1 females between the two linked genes, r1 and r2, for rex (short coat) is estimated at 17.2 0.4.
2. From a study of backcross populations in the production of which one parent was a triple heterozygote and the other a triple recessive for three linked genes (albinism, yellow fat and brown pigmentation), the following conclusions may be drawn:
(a) The order of the genetic loci is CYB.
(b) In region 1 (CY) the crossover percentage in females is 14.4 0.8, in males 8.2 = 1.7; in region 2 (YB) the crossover percentage in females is 28.4 = 1.0, in males 26.6 k 2.8. The indicated map distance, accordingly, between C and B is in females 42.8, in males 34.8. crossing-over occurring more freely in females than in males, as is true also in rats and mice.
(c) Crossing-over in one region of a chromosome "interferes" with crossing-over in another region, as in Drosophilk.
1 Proc. Nat. Acad. Sci., 19, 1006 (1933 Introduction.-An abstract space is defined by means of a set of abstract elements, "point" and a structure. The structure attaches a meaning to the relation "near," applied to two elements of the set. For the abstract spaces considered in this note, the structure is given by attaching to each pair of elements p, q a non-negative real number pq, independent of the order of the elements, while pq = 0 if and only if p = q. Such a space is called semimetric, and the number pq is the distance of the elements p, q. ' One of the principal aims of an investigation concerning the metrical properties of a given semimetric space S is to characterize the space metrically.. By this is meant obtaining conditions, in terms of distance relations which are necessary and sufficient to insure that any semimetric space satisfying them may be mapped congruently (i.e., with preservation of distance) upon S.
In this note a class of semimetric spaces satisfying a set of six postulates is defined and the metric characterization of the class obtained. Among those spaces belonging to the class considered are the n-dimensional hyper-
